The nucleotide sequences of the termini of the mature pseudorabies virus genome and of the junction between these termini in concatemeric DNA were compared. To ensure conservation of unmodified 5' and 3' termini, the end fragments obtained directly (uncloned) from mature viral DNA were sequenced. The sequence obtained from 5' and 3' end labeling revealed that whereas the L terminus was blunt ended, the S terminus had a 2-base (GG) 3' overhang. The sequences spanning the junction between the termini present in concatemeric DNA was also determined and compared with that expected when the two ends of the mature DNA were juxtaposed. This comparison showed that in concatemeric DNA the ends of the mature genome had become joined by blunt-end lgation of one of the strands and that the 2-nucleotide gap on the other strand had been repaired. A significant degree of homology between the sequences spanning the junction between the ends of the varicella-zoster virus and pseudorabies virus genomes was found.
The genome of pseudorabies virus (PrV), a herpesvirus, is divided into the unique short (Us) and unique long (UL) components; the Us component is bracketed by inverted repeats and is found in two orientations relative to the UL component (l) . Upon entering the cell nucleus, the PrV genome forms circles (6, 10) . The first round of replication occurs mainly as theta-type structures (10) , but thereafter the DNA is found in the form of head-to-tail concatemers (3) . Circle formation of the parental genome does not require the expression of viral functions (10) .
In contrast to herpes simplex virus (HSV), in which sequence homology between the two ends of the viral genome exists (the "a" sequence) (17) , no cross hybridization between the two end fragments of the PrV genome can be detected (see, for example, reference 12). Furthermore, in contrast to the HSV genome, which forms circles after in vitro exposure of its complementary single-stranded ends by digestion with exonucleases, no such circle formation of PrV DNA molecules is observed after similar treatment (4) . It is unlikely, therefore, that PrV DNA can circularize by ligation of cohesive ends that may become exposed within the cells. Indeed, the structures of the joints between the end fragments found in the concatemeric genomes of both varicellazoster virus (VZV) and HSV are consistent with blunt ligation of their ends (7, 16) , and this may also be the case for PrV.
The experiments described here were designed to determine the structure of the ends of the PrV genome and to clarify the mechanism by which circularization of the PrV genome occurs. To this end, we compared the nucleotide sequence of the termini of the mature genome with that of the junction between the termini found in concatemeric intracellular viral DNA. Because of possible alterations in the end sequences of the genome as a result of cloning procedures, i.e., to ensure conservation of unmodified 5' and 3' termini, the end fragments from mature DNA were sequenced directly.
The BamHI restriction fragments originating from the ends of the mature genome ( Fig. 1) (14) and Maxam and Gilbert (15) . The end-labeled fragments were digested with a second restriction enzyme ( Fig. 1) and were sequenced by the chemical degradation technique as described by Maxam and Gilbert (15) . An outline of the experimental approach used in this experiment is shown in Fig. 1A .
The 140-nucleotide sequence at either end of the genome is shown in Fig. 2 . The L component of the viral genome was found to be blunt ended; the S terminus, however, had a 2-base (GG) 3' overhang. A computer-aided analysis of the end sequences did not reveal any extensive direct or inverted sequence homologies between them.
To ascertain how the two ends of the genome are joined within concatemeric DNA, the BamHI junction fragment obtained from intracellular concatemeric DNA was cloned in pBR325 as described previously (11) . The region spanning the joint between the ends present in this clone (J31) was sequenced by using as a guide the previously determined sequence of the genome ends. The sequence of the end fragments that was available (Fig. 2) showed that a SmaI restriction site was present 14 nucldotides from the S terminus and that a FokI site was present 88 nucleotides from the L terminus. Therefore, clone J31 was digested with SmaI, the fragments were mapped, SmaI fragment 4 (which spans the junction) was 5' end labeled and cleaved with FokI, and the resulting end-labeled fragment of 102 nucleotides was sequenced. The sequence spanning the joint that was thus determined, as well as that expected when the ends of the mature DNA are juxtaposed, is shown in Fig. 3 . A comparison of the two shows that in concatemeric DNA the mature genome ends had become joined by blunt-end ligation of one of the strands and that repair of the 2-nucleotide gap on the other strand had taken place.
On the basis of the analysis of the nucleotide sequence of the mature genome ends, as well as that of the junction between the ends in concatemeric DNA, we conclude the following. TAAACGTA (which is underlined in Fig. 2 ) is repeated several times within the sequences near the S terminus.
The free termini of the L and S segments of HSV DNA share a DR-I sequence, and both the S and the L compo- A much more striking hoxiology was observed between the junctions of the PrV and VZV genomes. Interestingly, the overall sequences of the VZV and PrV genomes differ greatly; the G+C content of VZV is 47 mol% (13) , whereas that of PrV is 73 mol% (2) , and the genomes of the two viruses share a maximum of only 1% homology (8) . The homology between the juinction sequences of the VZV and PrV genomes may, therefore, be significant. The sequences of the joints between the L and S components found in concatemeric DNA of the two viruses are compared in Fig.  4 .
A striking homology between the sequences of the L terminus of PrV and bovine herpesvirus I (9) also exists. With some adjustment for sequence insertion or deletion, a homology of 75% was observed (data not shown).
A comparison of the sequence homology between the termini of PrV, VZV, and bovine herpesvirus I genomes thus indicates eXtensive homology. All of these viruses have similar genome structures. It remains to be established whether the observed sequence homology between the termini of the genomes of these viruses has particular significance with respect to the functions of these sequences in their life cycles.
We thank M. Haralson for performing the comlputer-aided analysis of the nucleotide sequences.
This investigation was supported by Public Health Service grant AI-10947 from the National Institutes of Health.
LITERATURE CITED

